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(57) ABSTRACT

Disclosed herein is a distance measuring apparatus. The
distance measuring apparatus includes a light-emitting unit
configured to radiate light in a pulse form of a specific width,
a light-receiving unit configured to include a plurality of
cells for receiving reflected light radiated by the light-
emitting unit and reflected by an object, and a processor
configured to perform one or more of an operation for
calculating a first distance of the object using a first method
based on the locations of one or more cells which belong to
the plurality of cells and on which the reflected light is
focused and an operation for calculating a second distance of
the object using a second method based on the time when the
reflected light is reached and to correct the first distance
calculated using the first method based on the second
distance calculated using the second method.
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1
DISTANCE MEASURING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

Pursuant to 35 U.S.C. §119(a), this application claims the
benefit of earlier filing date and right of priority to Korean
Patent Application No. 10-2014-0153103, filed on Nov. 5,
2014, the contents of which are incorporated by reference
herein in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a distance measuring
apparatus and, more particularly, to a distance measuring
apparatus for compensating for an error of the distance
measured by a triangulation measuring method in accor-
dance with a TOF method.

2. Discussion of the Related Art

A sensor for measuring the distance includes an infrared
sensor using infrared rays, an ultrasonic sensor using ultra-
sonic waves, and a TOF sensor. The infrared sensor may
receive focusing light of infrared rays, which is radiated by
a light source and then reflected by a surface of the object to
be measured, in accordance with a triangulation measuring
principle and may measure the distance using a position
sensitive detector (PSD) capable of calculating a light-
receiving point as an output current. The ultrasonic sensor
may measure the distance from the object to be measured by
measuring the time that is taken for an ultrasonic wave pulse
generated by a sensor to be reflected by a surface of the
object to be measured and to then return back to the sensor.

ATOF sensor includes a light source, such as an LED for
emitting an infrared pulse of a very short width, and a sensor
for detecting light reflected by the object. The distance from
the object may be calculated using an equation d=c*t,,/2
(d is the distance from the object, ¢ is speed of light, and t -
is the time taken for light radiated by the light source to be
reflected by the object and to then return back to the sensor)
by measuring the time that is taken for light radiated by the
light source to be reflected by the object and to then return
back to the sensor. Since speed of light is too fast and thus
it is difficult to measure the time t;,z, the distance is
indirectly calculated by modulating and radiating light
through the light source and using two or more phases.

FIG. 1 shows the principle in which the distance is
measured in accordance with a TOF method.

When a light source radiates light in a pulse form of a
specific width T0, light reflected by the object reaches a
sensor after a lapse of a specific time Td. The sensor detects
the reflected light in synchronization with the pulse emitted
by the light source (phase 1) and also detects the reflected
light with a phase difference of 180 degrees from the pulse
emitted by the light source (phase 2). The sensor may
calculate the distance from the object based on the amount
of light Q1 detected in synchronization with the output light
and the amount of light Q2 having the phase difference of
180 degrees from the output light.

A cell forming the sensor may include two switches V1
and V2, two capacitors C1 and C2, and a diode D for
generating charges in response to reflected light. The
switches S1 and S2 operate in response to the phase 1 and
the phase 2, respectively, and alternately connect the diode
D for generating charges in response to reflected light to the
capacitors C1 and C2. Charges generated from the diode D
are stored in the capacitors C1 and C2 as the amounts of
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2
charges Q1 and Q2. Accordingly, the voltages V1 and V2 of
the capacitors C1 and C2 are proportional to the amounts of
charges Q1 and Q2 accumulated in the capacitors C1 and
C2. In this case, the distance from the object may be
calculated as a value proportional to

(1/2)*c* TO*V2/(V1+V2)

A distance measuring unit for measuring the distance
using the TOF method may be problematic in that a cell
forming a sensor is saturated when measuring a short
distance and may be problematic in that the amount of light
is insufficient when measuring a long distance.

There is an attempt to solve the cell saturation problem in
a short distance in measuring the distance using the TOF
method by adopting a triangulation measuring method for
calculating the distance from the object using a sensor
including a plurality of cells in which TOF distance mea-
suring units are aligned in one direction.

In such a triangulation measuring method, however, after
a calibration operation is initially performed on the relation-
ship between the distance and the cell, a distance charac-
teristic of the sensor may be changed due to the lapse of
time, an external impact, and a change of an environment.
Although there is an error in a measured distance, it is
difficult to check the error, and there is no method for
compensating for the error. In order to solve an error
problem, a distance meter must be repaired by an expert.

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made keep-
ing in mind the above problems occurring in the prior art,
and an object of the present invention is to provide a distance
measuring apparatus capable of compensating for a mea-
surement error when measuring a short distance using a
triangulation measuring method.

A distance measuring apparatus according to an embodi-
ment of the present invention is configured to include a
light-emitting unit configured to radiate light in a pulse form
of a specific width, a light-receiving unit configured to
include a plurality of cells for receiving reflected light
radiated by the light-emitting unit and reflected by an object,
and a processor configured to perform one or more of an
operation for calculating a first distance of the object using
a first method based on the locations of one or more cells
which belong to the plurality of cells and on which the
reflected light is focused and an operation for calculating a
second distance of the object using a second method based
on the time when the reflected light is reached and to correct
the first distance calculated using the first method based on
the second distance calculated using the second method.

In an embodiment, the distance measuring apparatus may
be configured to further include memory configured to store
a reference value for calculating the first distance using the
first method.

In an embodiment, the processor may update the reference
value stored in the memory based on the second distance
calculated using the second method.

In an embodiment, the reference value may be indicative
of one of the one or more cells on which the reflected light
is focused when the object is a specific distance.

In an embodiment, the reference value may be represented
as a rational number so that the reference value is indicative
of'the center of the reflected light focused on the one or more
cells.
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In an embodiment, the processor may correct the first
distance calculated using the first method based on the
second distance measured to be a specific value or less using
the second method.

In an embodiment, the processor may correct the first
distance calculated using the first method based on the
second distance calculated using the second method when
the reflected light is detected in the first cell section of the
plurality of cells and may select the corrected first distance
as a distance from the object.

In an embodiment, the processor may select the second
distance calculated using the second method as a distance
from the object when the reflected light is detected in the
second cell section of the plurality of cells other than the first
cell section.

In an embodiment, the processor may do not perform the
operation for calculating the first distance using the first
method and may perform the operation for calculating the
second distance the second method when the reflected light
is detected in the second cell section of the plurality of cells.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the principle in which the distance is
measured in accordance with a TOF method;

FIG. 2 schematically shows the configuration of a dis-
tance measuring apparatus including a sensor having a
plurality of cells using a TOF method in order to use a
triangulation measuring method;

FIG. 3 is a graph showing that a distance error is gener-
ated due to a specific distance, that is, a boundary, in a TOF
distance measuring unit of FIG. 2;

FIG. 4 shows the configuration of a distance measuring
apparatus to which an embodiment of the present invention
is applied; and

FIG. 5 is a flowchart illustrating an operation for com-
pensating for a distance error in accordance with an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, a distance measuring apparatus according to
an embodiment of the present invention is described in detail
with reference to the accompanying drawings.

In the triangulation measuring method, a corresponding
relation between the distance and a plurality of cells forming
a sensor is not constant due to the electrical characteristics
and control characteristics of the sensor and the character-
istics of an optical lens ahead of a light source and the
sensor. Accordingly, two or more points whose distances are
known may be selected by taking into consideration the
characteristics of the sensor, and distance measurement may
be calibrated using a cell to which light has been reached
with respect to one of the corresponding points.

After such initial calibration is completed, however, the
characteristic of a measured distance may be changed
because the location of a cell of reflected light focused on the
sensor may be changed due to a natural change according to
the lapse of time, an external impact, and/or a change of an
environment. There is no method for compensating for such
a distance error. Furthermore, although a distance error is
increased over time, it is difficult to check whether the
distance error occurs, and a method of correcting the dis-
tance error is also complicated.

In an embodiment of the present invention, an error of
distance measurement generated due to a change of the
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4

characteristics of a sensor module using the triangulation
measuring method over time is compensated for.

There is no method of detecting a change of the charac-
teristics of the sensor although the characteristics of the
sensor are changed because the sensor itself is a passive
element. That is, to measure a clear specific distance and
check whether a calculated value is different is a sole method
of detecting a change of the characteristics.

The calibration of a specific distance is once performed
only before or when a distance measuring apparatus is
released or evaluated and is rarely performed after the
distance measuring apparatus is released. Accordingly, there
is no change of correcting performance of the distance
measuring apparatus after it is released.

Accordingly, in an embodiment of the present invention,
a sensor including a plurality of cells is mounted on a
distance measuring apparatus using a TOF method so that
the distance measuring apparatus is capable of using a
triangulation measuring method, and the location of a cell on
which reflected light is focused is managed with respect to
a specific distance by supplementing the data of the TOF
method and the triangulation measuring method. Disadvan-
tages of the TOF method are supplemented by measuring a
short distance using the triangulation measuring method and
an error component generated in the triangulation measuring
method over time is compensated for using the TOF method,
thereby being capable of measuring the distance uniformly
and precisely.

The TOF method is not greatly influenced by the physical
location or a change of the characteristics of the sensor in the
distance measuring apparatus because the time taken for
reflected light to be reached is measured. Accordingly, there
is a good possibility that an error may not occur compared
to the triangulation measuring method in measuring the
distance using the TOF method although time elapses.

FIG. 2 schematically shows the configuration of a dis-
tance measuring apparatus including a sensor having a
plurality of cells using a TOF method in order to use a
triangulation measuring method.

A distance measuring apparatus for measuring the dis-
tance using the TOF method is unable to precisely measure
the distance because the sensor is saturated due to light
reflected by the object when measuring a short distance.
Accordingly, as shown in FIG. 2, the distance measuring
apparatus may measure the distance in accordance with the
triangulation measuring method based on the location of a
cell that belongs to the plurality of cells and on which
reflected light is focused with respect to a short distance and
may use the TOF method using time when the reflected light
is detected with respect to a long distance, using the sensor
in which the plurality of cells are aligned in the direction
extended from a light-emitting unit.

As described above, when the distance is measured using
a mixture of the triangulation measuring method having an
advantage of a short distance and the TOF method having an
advantage of a long distance, there is a difference in the
calculation of the distances using the triangulation measur-
ing method and the TOF method with respect to a point
corresponding to the boundary of the short distance and the
long distance over time, that is, for example, 1 m. Accord-
ingly, as shown in FIG. 3, a discontinuous point may occur
at the boundary of the short distance and the long distance.
It is necessary to control lines on both sides of the boundary
so that the lines are continuous.

In an embodiment of the present invention, in order to
apply the triangulation measuring method, when reflected
light is incident from the object in a specific distance, for
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example, 1 m to the sensor, a cell in which the center of the
reflected light is placed is stored. When the distance is
measured using the TOF method with respect to the object
at a distance of 1 m, the gain or offset of a TOF distance
calculation algorithm is set and stored so that the actual
distance of 1 m is calculated. The stored value may be
subsequently used when the distance is calculated using the
triangulation measuring method or the TOF method.

Furthermore, when a specific distance, for example, the
distance from the object placed around 1 m is measured, the
distance calculated using the triangulation measuring
method may be compared with the distance calculated using
the TOF method. The location of a cell on which light
reflected by the object in a specific distance is focused for
the triangulation measuring method may be updated based
on the distance using the TOF method. The triangulation
measuring method may be applied based on information
about the updated location of the cell.

FIG. 4 shows the configuration of a distance measuring
apparatus to which an embodiment of the present invention
is applied.

The distance measuring apparatus 100 according to an
embodiment of the present invention may be configured to
include a light-emitting unit 110 configured to emitting an
infrared pulse of a specific width in order to measure the
distance from the object using the TOF method, a light-
receiving unit 120 configured to detect reflected light of
infrared rays that are radiated by the light-emitting unit 110
and then reflected by the object, and a processor 130
configured to calculate the distance from the object using
one or more of the triangulation measuring method and the
TOF method based on the output signal of the light-receiv-
ing unit 120.

The light-emitting unit 110 may be configured to include
a light-emitting source 111 configured to include a light-
emitting module, such as an LED for radiating infrared rays,
and a driving unit for driving the light-emitting module so
that it outputs light in the form of a pulse having a specific
width and an optical system configured to control an angle
of light or the intensity of light to be radiated the front
surface of the light-emitting source 111, for example, a
collimator lens 112.

The light-receiving unit 120 may be configured to include
a light-receiving lens 121 configured to convert an incident
beam in a specific size and shape, such as a telecentric lens,
a filter 122 configured to selectively transmit only a wave-
length band of light radiated by the light-emitting source
111, and a light-receiving sensor 123 configured to have a
plurality of cells aligned therein in one direction in order to
detect reflected light.

Each of the cells of the light-receiving sensor 123
includes a circuit element, such as that shown in FIG. 1, so
that the circuit element is able to measure the distance using
the TOF method. Accordingly, the cell may receive reflected
light in synchronization with an infrared pulse emitted by
the light-emitting source 111 (phase 1), may receive the
reflected light with a phase difference of 180 degrees from
the infrared pulse emitted by the light-emitting source 111
(phase 2), and may generate the electrical signal of the phase
1 and the electrical signal of the phase 2.

The processor 130 may calculate the distance from the
object from which output light is reflected using the elec-
trical signals received from cells of the light-receiving
sensor 123. The processor 130 may check a cell in which the
center point of focused reflected light is placed using a
distribution of the cells (i.e., the intensities of the electrical
signals and the section of the cells generating the electrical
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signals) outputting the electrical signals indicating that the
reflected light is focused and may calculate the distance
when the reflected light is focused on the corresponding cell
in accordance with the triangulation measuring method.

Furthermore, the processor 130 may calculate the distance
from the object by calculating the time that is taken for the
output light to be focused on the light-receiving sensor 123
as the reflected light in accordance with the TOF method
based on the electrical signals of the phase 1 generated by
the cells of the light-receiving sensor 123 and the electrical
signals of the phase 2.

The distance measuring apparatus 100 according to an
embodiment of the present invention may initially store a
reference value, obtained by performing calibration on the
object in a specific distance, for example, 1 m, in memory
(not shown) and subsequently calculate the distance from
the object based on the reference value. The reference value
may be indicative of one of one or more cells on which
reflected light reflected by the object in a reference distance
to be used in the triangulation measuring method, for
example, in a distance of 1 m is focused.

The central location of reflected light focused on a plu-
rality of the cells may become the center of the cell or the
boundary between the cells. In some embodiments, a spe-
cific point on the cell may be determined as the central
location of the reflected light focused on the plurality of cells
by calculating the highest location in a distribution of the
intensities of electrical signals generated by the cells of the
light-receiving sensor 123 in response to the reflected light.
In this case, if the center of each cell or the boundary
between the cells is represented as an integer, the reference
value may be represented as a rational number.

The memory may further store gain values and/or offset
values required when the distance is calculated using the
TOF method, that is, when the electrical signals of the phase
1 and the electrical signals of the phase 2 generated by the
cells of the light-receiving sensor 123 are calculated.

The processor 130 may calculate the distance using the
TOF method with respect to all the electrical signals gen-
erated by the cells of the light-receiving sensor 123. In some
embodiments, the processor 130 may calculate the distance
using the TOF method with respect to only electrical signals
generated by some cells, for example, only an electrical
signal generated by a cell having the strongest electrical
signal intensity or electrical signals generated by cells
around a corresponding cell including the electrical signal of
the corresponding cell.

Furthermore, the processor 130 may calculate the distance
using the triangulation measuring method whenever the cells
of the light-receiving sensor 123 generate electrical signals.
In some embodiments, the processor 130 may calculate the
distance using the triangulation measuring method only
when an electrical signal is output in some cell section of the
plurality of cells of the light-receiving sensor 123.

The plurality of cells included in the light-receiving
sensor 123 is aligned in the direction extended from the
light-emitting source 111. Reflected light reflected by a close
object is focused on a cell far from the light-emitting source
111, and reflected light reflected by a distant object is
focused on a cell close to the light-emitting source 111.

In an embodiment of the present invention, a short dis-
tance is measured using the triangulation measuring method,
and a long distance is measured using the TOF method.
Accordingly, for example, when a cell far from the light-
emitting source 111 generates an electrical signal, the pro-
cessor 130 calculates the distance using the triangulation
measuring method, but may compensate for a distance error
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generated in the triangulation measuring method using a
value calculated using the TOF method with respect to the
object in a specific distance, for example, in a distance of 1
m. For example, when a cell close to the light-emitting
source 111 generates an electrical signal, the process or 130
may calculate the distance using the TOF method without
performing an operation for calculating the distance using
the triangulation measuring method.

The distance measuring apparatus according to an
embodiment of the present invention may be applied to an
electronic device which autonomously operates indoors, for
example, a robot cleaner. The distance measuring apparatus
may be designed to measure a range of 5 m, for example,
because the interior has a limited space. In this case, a
distance of 0~1 m may be calculated in accordance with the
triangulation measuring method and a distance of more than
1 m may be calculated in accordance with the TOF method
using 1 m, for example, as a boundary. The location or angle
of the light-receiving sensor 123 or power of the light-
receiving lens 121 may be controlled so that a distance range
to be measured by the distance measuring apparatus corre-
sponds to some cell section of the light-receiving sensor 123.

If the distance measuring apparatus according to an
embodiment of the present invention is adopted in a robot
cleaner, timing when the robot cleaner is placed in a specific
distance of a wall or the object, for example, in a distance of
1 m while the robot cleaner moves may be frequently
generated. In this case, the distance measuring apparatus
may compare a distance calculated using the TOF method
with a distance calculated using the triangulation measuring
method on corresponding timing and may compensate for
the distance calculated using the triangulation measuring
method based on the distance calculated using the TOF
method. Furthermore, a reference value when the distance is
calculated using the triangulation measuring method, for
example, the location value of a cell corresponding to a
distance of 1 m, may be updated based on a distance
calculated using the TOF method.

FIG. 5 is a flowchart illustrating an operation for com-
pensating for a distance error in accordance with an embodi-
ment of the present invention.

In an initial calibration process, the processor 130 checks
the location of a cell corresponding to a maximum point or
center point of reflected light reflected by the object in a
specific point, for example, in a distance of 1 m based on an
electrical signal generated by the light-receiving sensor 123
and stores information about the location of the cell in the
memory as a reference value for the triangulation measuring
method. If an optical design is taken into consideration, the
reflected light is focused within a specific cell section with
respect to the point of 1 m.

When an electrical signal is detected in the corresponding
cell section, the processor 130 may determine that the
electrical signal corresponds to a short distance, may select
a distance calculated using the triangulation measuring
method based on the reference value stored in the memory,
and may output the selected distance. When an electrical
signal is detected in another cell section, the processor 130
may determine that the electrical signal corresponds to a
long distance, may calculate the distance using the TOF
method, and may output the calculated distance.

The processor 130 of the distance measuring apparatus
100 on which a robot cleaner that autonomously operates,
for example, has been mounted measures the distance using
the triangulation measuring method and/or the TOF method
in response to an electrical signal generated by the light-
receiving sensor 123 at step S510. The processor 130 selects
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and outputs the distance calculated using the triangulation
measuring method with respect to a specific distance and
calculates and outputs the distance using the TOF method
with respect to a long distance on the basis of 1 m, for
example.

The processor 130 determines whether the distance cal-
culated using the triangulation measuring method and/or the
TOF method is a specific distance, for example, around 1 m
at step S520.

If, as a result of the determination at step S520, it is
determined that the distance calculated using the triangula-
tion measuring method and/or the TOF method is around 1
m (YES), the processor 130 compares the distance calcu-
lated using the triangulation measuring method with the
distance calculated using the TOF method at step S530.

If, as a result of the comparison, it is found that the
distance calculated using the triangulation measuring
method is not identical with the distance calculated using the
TOF method (NO at step S540), the processor 130 deter-
mines that an error has occurred in the distance calculated
using the triangulation measuring method because the physi-
cal location or characteristics of one or more of the light-
receiving lens 121 and light-receiving sensor 123 of the
light-receiving unit 120 have been changed or the physical
location or angle of the light-emitting unit 110 and the
light-receiving unit 120 has been changed. Accordingly, the
processor 130 newly calculates a reference value for a 1 m
cell when calculating the distance using the triangulation
measuring method, based on the distance calculated using
the TOF method, and updates and stores the newly calcu-
lated reference value in the memory at step S550.

The processor 130 may change the reference value for the
1 m cell based on only the distance calculated using the TOF
method. In some embodiments, the processor 130 may
change the reference value for the 1 m cell by equally
incorporating the distance calculated using the TOF method
and the distance calculated using the triangulation measur-
ing method.

Furthermore, the processor 130 may store the newly
calculated reference value in the memory by incorporating
the reference value as the reference value for the 1 m cell
without a change. In some embodiments, the processor 130
may update the reference value for a 1 m cell with a middle
value of a new value and a value previously stored in the
memory in the same portion by taking stability into consid-
eration.

Thereafter, if it is determined that an electrical signal
generated by the light-receiving sensor 123 is detected in a
cell section corresponding to a short distance, the processor
130 may calculate the distance using the triangulation mea-
suring method based on the new reference value fora 1 m
cell and output the calculated distance at step S560.

The operation for updating the reference value for a 1 m
cell may be performed in real time while the distance
measuring apparatus operates. While the distance measuring
apparatus operates, a more accurate distance corrected in
real time in response to a change of an environment, such as
a temperature rise, may be measured.

In some embodiments, while the distance measuring
apparatus operates, only an error between a newly calculated
reference value and a previous reference value stored in the
memory may be accumulated and calculated. At a specific
point of time, for example, when the distance measuring
apparatus is powered off, a reference value may be updated
with the accumulated value and stored in the memory.



US 9,453,743 B2

9

Accordingly, a saturation problem occurring when a dis-
tance measuring device measures a short distance using the
TOF method can be solved.

Furthermore, a distance measurement error occurring
when the object in a short distance is measured using the
triangulation measuring method can be compensated for.

Furthermore, a distance error occurring over time in the
triangulation measuring method can be compensated for,
and a distance error attributable to change of an environ-
ment, such as a high temperature or low temperature, can be
compensated for.

Furthermore, measurement in a short distance can be
calibrated in real time.

As described above, the embodiments of the present
invention have been disclosed for illustrative purposes, and
those skilled in the art may improve, change, replace, or add
various other embodiments without departing from the tech-
nical spirit and scope of the present invention disclosed in
the attached claims.

What is claimed is:

1. A distance measuring apparatus, comprising:

a light-emitting unit configured to radiate light in a pulse
form of a specific width;

a light-receiving unit configured to comprise a plurality of
cells for receiving reflected light radiated by the light-
emitting unit and reflected by an object; and

a processor configured to perform one or more of an
operation for calculating a first distance of the object
using a first method based on locations of one or more
cells which belong to the plurality of cells and on which
the reflected light is focused and an operation for
calculating a second distance of the object using a
second method based on a time when the reflected light
is reached and to correct the first distance calculated
using the first method based on the second distance
calculated using the second method,
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wherein the processor corrects the first distance calculated
using the first method based on the second distance
measured to be a specific value or less using the second
method.

2. The distance measuring apparatus of claim 1, further
comprising memory configured to store a reference value for
calculating the first distance using the first method.

3. The distance measuring apparatus of claim 2, wherein
the processor updates the reference value stored in the
memory based on the second distance calculated using the
second method.

4. The distance measuring apparatus of claim 2, wherein
the reference value is indicative of one of the one or more
cells on which the reflected light is focused when the object
is a specific distance.

5. The distance measuring apparatus of claim 4, wherein
the reference value is represented as a rational number so
that the reference value is indicative of a center of the
reflected light focused on the one or more cells.

6. The distance measuring apparatus of claim 1, wherein
the processor corrects the first distance calculated using the
first method based on the second distance calculated using
the second method when the reflected light is detected in a
first cell section of the plurality of cells and selects the
corrected first distance as a distance from the object.

7. The distance measuring apparatus of claim 6, wherein
the processor selects the second distance calculated using
the second method as a distance from the object when the
reflected light is detected in a second cell section of the
plurality of cells other than the first cell section.

8. The distance measuring apparatus of claim 7, wherein
the processor does not perform the operation for calculating
the first distance using the first method and performs the
operation for calculating the second distance the second
method when the reflected light is detected in the second cell
section of the plurality of cells.
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